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Observations on the Asexual Diaspores of Mosses in China 


PEI Lin-Ying'“, LIU Qian', JIA Yu’™ , WANG You-Fang'" 
(1 School of Life Science, East China Normal University, Shanghai 200062, China; 
2 State Key Laboratory of Systematic and Evolutionary Botany, Institute of Botany. 


Chinese Academy of Sciences, Beijing 100093, China) 


Abstract: Asexual reproduction plays an important role in the life cycle of bryophytes. Usually, mosses com- 
plete their asexual reproduction by different diaspores. The morphology of asexual diaspore has been com- 
monly used for delimiting sterile mosses. In the present paper, asexual diaspores of 38 gemmiferous mosses 
were observed under light microscope. The results showed that the asexual diaspores have evolved several 
times independently in different moss lineages. The morphology of asexual diaspore is generally stable within 
species, and is closely related to its growing position and branching mode of gametophyte, but not to phylo- 
genetic positions of the plants and their habitats. The color of diaspore is determined by the thickness of the 
diasporal wall and its ornamentation on the surface. In addition, the asexual diaspores often coexist with rhi- 
zoids or protonemata. In this study, asexual diaspores include protonemal gemmae and gemmae (laminar 
gemmae, costal gemmae, stem gemmae), bulbils, rhizoidal tubers and rhizoidal gemmae. Among them, 
protonemal gemmae and gemmae are the commonest asexual diaspores. 
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Asexual reproduction plays an important inant in the bryophytes especially when plants 


role in the life cycle of bryophytes. It is predom- are under extremely hostile conditions (Jia, 
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1994). In mosses, asexual reproduction is com- 
pleted by various diaspores, including caducous 
shoot apices, caducous branchlets, flagelliform 
shoots, bulbils, caducous leaves, caducous leaf 
apex, fragile leaves, rhizoidal tubers and gem- 
mae (Imura and Iwatsuki, 1990; Newton and 
Mishler, 1994; Imura, 1994; Laaka-Lindberg 
et al., 2003). In some genera, e. g., Bryum, 
Campylopus, and Pohlia, asexual diaspores 
were used as one of the diagnostic characters for 
specific identification (Crundwell and Nyholm, 
1964; Syed. 1973; Smith, 1978; Mohamed, 
1979; Shaw, 1981; Sloover and Szmajda, 1981; 
Flowers, 1983; Cetin, 1999; Ashton and Raju, 
2001; Sherock and Shaw, 2005). 

Due to its great variability of topography 
and climate, China boasts a rich moss flora of 
having ca. 16% moss species of the world (Red- 
fearn et al., 1996). Thus, the knowledge of di- 
aspores of Chinese moss flora is important to 
better understand the systematic relationships a- 
mong the bryophyte groups. The asexual dia- 
spores of mosses in China, however, have not 
been comprehensively investigated, and the ter- 
minology for describing them is not standardized 
and sometimes confusing. For example, the a- 
sexual diaspores of Chinese mosses were not 
specified and were called as gemmae except for 
the flagelliform branches in some Chinese litera- 
tures (Gao, 1994, 1996; Hu and Wang, 2005; 
Li, 2000, 2006; Wu and Jia, 2004; Wu, 2002). 
Another example is that the bulbils, commonly 
referring to the diaspore of Brachymenium exile 
by some authors (Smith, 1978; Lonton and 
Schuster, 1983; Reese, 1984) were also called 
as gemmae by Li (2006). 

In the present study, 38 gemmiferous mos- 
ses representing 12 families and 27 genera from 
China were examined under the light microscope 
(LM). Our aims are 1) to describe the gross 
morphology of asexual diaspores found in some 
Chinese mosses, and to classify the asexual dia- 


spores into types according to their growing po- 


sition and development; 2) to recognize various 
factors that affect the characters of asexual diaspores 
in mosses; 3) to determine the significance of di- 
asporal characters in taxonomy and systematic 
evolution. The terms concerning asexual dia- 
spores follow Imura and Iwatsuki (1990) and 
Newton and Mishler (1994). 


Materials and methods 

Thirty-eight gemmiferous specimens were thoroughly 
cleaned through a series of rinses and mounted in water 
(Duckett and Pressel, 2003) and photographed with a 
digital camera under OLYMPUS CX 31 light microscopes 
(LM). Vouchers (Table 1) are deposited in the following 
herbaria; herbarium of the Institute of Botany, Chinese 
Academy of Sciences, Beijing (PE), herbarium of Kun- 
ming Institute of Botany, Chinese Academy of Sciences 
(KUN), and herbarium of East China Normal University 
(HSNU). 

Classification of asexual diaspores 

Characters of the asexual diaspores in the 38 species 
of gemmiferous mosses observed in the present study are 
summarized in Table 1. 

According to the origin of the asexual diaspores, 
Newton and Mishler (1994) recognized that the asexual 
diaspores may come primarily from the asexual spores, 
protonema, rhizoids, shoots, leaves, modified protonema 
and gametophyte. In this study, asexual diaspores include 
protonemal gemmae (from protonema), rhizoidal tuber 
and rhizoidal gemmae (from rhizoids), bulbils (from 
shoots), and gemmae (from modified protonema). A- 
mong them, protonemal gemmae and gemmae are the 
commonest types of diaspores. 

1. Protonemal gemmae 

Protonemal gemmae usually formed on the protone- 
mata which occur in leaf axil. Their shapes are diverse, 
including filamentous ( Tortula schmidii, Plate | : 6), 
clavate ( Leptodontium flexifolium, Plate I: 8) and 
spherical ( Barbula coreensis, Plate I : 11—12). 

2. Modified protonema-gemmae s. s. (probably represen- 
ting a regenerating protonema in a state of arrested devel- 
opment) 

Gemmae are specialized organs serving as asexual re- 
production. The gemmae observed were classified into the 
following three categories based on developmental origin: 


laminar gemmae, costal gemmae and stem gemmae. 
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1) Laminar gemmae 

Laminar gemmae are usually clavate or fusiform, o- 
riginated from leaf cells, e. g., in Plagiothecium latebri- 
cola (Plate III: 34) and Hookeria acutifolia (Plate III: 31 
—32). 


2) Costal gemmae 


























Costal gemmae are usually clavate or filamentous, 
and derived from costa cells. They can be produced on the 
costa at the leaf apex, middle or base, on ventral or dorsal 
side, e.g. » in Syrrhopodon parasiticus (Plate I : 1—2) 
and Mitthyridium fasciculatum (Plate | : 4). 

3) Stem gemmae 

Stem gemmae often occur on stems or short bran- 
ches, deriving from cortical cells. They may be clavate or 
filamentous, e. g., in Clastobryopsis planula (Plate ll: 
36) and Trachyloma indicum (Plate Il: 28). 

3. Bulbils 

Bulbils are highly condensed, vermicular or bud-like 
structures, with leaf primordial found in leaf axil of some 
mosses (Newton and Mishler, 1994). It is regarded as an 
extremely reduced branch (Imura and Iwatsuki, 1990). 
Two kinds of shapes are found in this type of diaspore: 
bulk-like bodies (e. g., in Brachymenium exile , Plate 
II : 20) and vermicular ones (e. g. » in Pohlia proligera , 
Plate II : 19). 

4. Rhizoidal tubers 

Rhizoidal tubers are defined as asexual organs occur- 
ring on the rhizoids, often spherical to ellipsoidal, pyri- 
form, or occasionally tuberous, thick-walled, reddish 
brown to dark brown (Whitehouse, 1966), e. g. „ in Bry- 
um bornholmense (Plate Il: 22). 

5. Rhizoidal gemmae 

Rhizoidal gemmae are often filamentous, branched, 
or clavate, thick-walled and dark colored, originated di- 
rectly from rhizoids, e. g.. in Rhizomnium tuomikoskii 


(Plate II : 26). 


Discussion 

The majority mosses with asexual diaspores 
in this study are dioicous or sterile as previously 
noted (Longton, 1997; Imura and Iwatsuki, 
1990). This suggests that asexual diaspores are 
found more frequently in dioicous or sterile mos- 
ses to compensate for sexual reproduction (Imu- 
ra, 1994). 

The characters of asexual diaspores are sta- 


ble within each species, but not directly related 


to the systematic positions and habitats of the 
plants. For example, the gemmae of Hookeria 
acutifolia are similar to those of Plagiothecium 
latebricola in morphology, but the two species 
are not closely related and with different habi- 
tats. For this reason, it is clear that the asexual 
diaspores have evolved several times independ- 
ently in the different mosses lineages ( White- 
house, 1966). 

The origin of diaspores was often used for 
classifying the asexual diaspores (Goebel, 1905; 
Newton and Mishler, 1994). In present study, 
we found that the characters of asexual diaspores 
are often depended on their growing positions on 
the plants. For example, the morphology of the 
costal gemmae are fairly uniform, such as cla- 
vate to filamentous, yellowish brown and thin- 
walled. In addition, the asexual diaspores for 
some species are affected by special environmen- 
tal conditions or different ontogenetic phases. 
For example, in Barbula horrinervis (Plate I: 
13), the acanthoid structure is produced by the 
germination of diaspores. Moreover, the dia- 
spores of Pohlia flexuosa are often ovate in the 
early stage of development, but vermicular in 
the later one (Li, 2006). Only the ovate dia- 
spores were observed in our study (Plate Í: 
18). 

The branching modes of gametophyte play 
an important role in asexual reproduction (Jia, 
1994). In this study, the asexual diaspores in 
acrocarpus mosses are produced on any parts of 
gametophyte, and their morphological charac- 
ters are also varied. However, in pleurocarpous 
mosses, the asexual diaspores, only occuring on 
stems, protonemata or leaves, are often linear 
or clavate, yellowish brown. 

The colors of asexual diaspores are mainly 
determined by the combination of wall pigmen- 
tation and copious quantities of yellow to brown 
lipid droplets within their cells (Imura and Iwat- 
suki, 1990; Duckett and Pressel, 2003). More- 


over, the colors of asexual diaspores are often 
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depended on thickness of diasporal walls and its 
ornamentation on the surface. The thick-walled 
diaspores are often reddish brown or yellowish 
brown, verruculose or convex on the surface, 
but the thin-walled ones are light yellow, hya- 
line and smooth on the surface. 

Rhizoids or protonema are usually produced 
on leaves, costae or the bases of plants as the a- 
sexual diaspores. The protonema are often ir- 
stalk-like, 
brown, and occur on the leaf axil, e. g. , in Bar- 
bula indica (Plate II: 16). The rhizoids, how- 


ever, often occur on the leaf apice, costae or the 


regularly branched or yellowish 


bases of plants. The rhizoids on the leaf apex 
and costa are similar to normal ones in morphol- 
ogy, e.g.» in Hookeria acutifolia and Mitthy- 
ridium fasciculatum . Whereas, the rhizoids on 
the base of plants are usually irregularly 
branched, verruculose on the surface, e.g. > in 
Bryum bornholmense and Pohlia lutescens. It 
is note worthy that the asexual diaspores on the 
upper part of stem rarely coexist with rhizoids or 
protonema, but directly cluster on stems, e. g. ; 
in Clastobryopsis planula . 

Mostly, mosses complete asexual reproduc- 
tion by a single type of diaspore. Only a few of 
mosses produce two or more types of diaspores 


(Whitehouse, 1966). 


types of gemmae occur on different positions in 


In present study, two 


Bryum capillare. One type of gemmae occurs 
on the yellowish brown, tuberculate, under- 
ground rhizoids. The gemmae are often decidu- 
ous, multicellular, pyriform to nearly spherical, 
reddish brown, with thick and smooth walls, 
and they are usually inflated, ca. 100—120 pm 
long, 65—70 pm wide. The second type grows 
on the stem near the leaf axil. The gemmae are 
uniseriate (up to 25 cells), linear, yellowish 
brown, thick-walled, verruculose on surface, 


and ca. 1. 1 mm long. 
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Explanation of Plate 


Plate | 1—9. Costal gemmae and protonemal gemmae 1, 2. 
Costal gemmae of Syrrhopodon parasiticus; 3. Costal gemmae of 
Calymperes afzelii; 4. Costal gemmae of Mitthyridium fascicula- 
tum, showing rhizoids (at arrow); 5. Protonemal gemmae of 
Anoectangium fauriei, showing protonemata (at arrow); 6. 
Protonemal gemmae of Tortula schmidii; 7. Protonemal gem- 


mae of Desmatodon gemmascens, showing protonemata (at ar- 


row); 8. Protonemal gemmae of Leptodontium flexifolium ; 9. 


Protonemal gemmae of Didymodon rigidulus „ showing protone- 
mata (at arrow). 10—15. Protonemal gemmae and Rhizoidal tu- 
bers 10. Protonemal gemmae of Didymodon ferrugineus; 11, 
12. Protonemal gemmae of Barbula coreensis , showing protone- 
mata (at arrow); 13. Protonemal gemmae of Barbula horrinervis , 
showing germinated gemmae (at arrow); 14. Protonemal gemmae 
of Barbula amplexifolia; 15. Protonemal gemmae of Timmiella 
anomala 
Plate II 16—18. Protonemal gemmae and Rhizoidal tubers 
16. Protonemal gemmae of Barbula indica; 17. Rhizoidal tubers 
of Pohlia lutescens, showing rhizoids (at arrow); 18. Protone- 
mal gemmae of Pohlia flexuosa. 19—27. Protonemal gemmae, 
bulbils, rhizoidal tubers, stem gemmae and rhizoidal gemmae 
19. Bulbils of Pohlia proligera; 20. Bulbils of Brachymenium 
exile; 21. Bulbils of Bryum gemmigerum ; 22. Rhizoidal tubers 
of Bryum bornholmense; 23. Rhizoidal tubers of Bryum thom- 
sonii, showing rhizoids (at arrow); 24. Rhizoidal tubers and 
stem gemmae of Bryum capillare (A shows stem gemmae, B 
shows rhizoidal tubers); 25. Stem gemmae of Bryum tortifolium ; 
26. Rhizoidal gemmae of Rhizomnium tuomikoskii; 27. Proto- 
nemal gemmae of Rhachithecium perpusillum , showing protone- 
mata (at arrow). 28—30. Protonemal gemmae, laminar gemmae 
and stem gemmae 28. Stem gemmae of Trachyloma indicum ; 
29. Protonemal gemmae of Pterobryopsis orientalis; 30. Proto- 
nemal gemmae of Horikawaea nitida 

Plate II 31—36. Protonemal gemmae, laminar gemmae and stem 
gemmae 31, 32. Laminar gemmae of Hookeria acutifolia , 
showing rhizoids (at 32); 33. Protonemal gemmae of Cya- 
thophorella hookeriana; 34. Laminar gemmae of Plagiothecium 
latebricola, showing rhizoids (at arrow); 35. Stem gemmae of 
Pylaisiadelpha yokohamae; 36. Stem gemmae of Clastobryopsis 
planula. 37—42. Stem gemmae and bulbils 37. Stem gemmae 
of Clastobryopsis robusta; 38. Stem gemmae of Clastobryum 
glabrescens ; 39. Stem gemmae of Gammiella tonkinensis; 40. 
Bulbils of Pseudotaxiphyllum pohliaecarpum; 41, 42. Stem 


gemmae of Isopterygium propaguliferum 
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